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-f 9)UD# 1 'J >*4 1 

[0057] — rnmmsu >i>* 9*frp><onmm 

KJ:t>TS^ji^t (A/F) 4S5£-r-5i^C. S2 

ccr # i %y y > 3^4 i ©afcASmfi*«w-r S i . ■?■© 
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tC*S S2 4fCTgfSi>'W:AD!aS£-r3>^ 
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<fc 5 icmM^n - >© f- 9 £ B D C {c— ScS if* 

«fc 5 K.mm.'w 7 am # * -f 5 > sci-c, 

[OO841I15-017 «aR»/^^. SteWl^ 
©;<;l>:/£ 5 >^£^L£nJ^tgflt£i9:Wfcx>y> 30 

[0085] 4 1~44»#1~#4->'J>^ 501* 

ess. 7 7 \t*)\,zrz 4 5 >^tHeaatr»s. mibsi 
ffe^PJ-©fc©M$|i3^*ttLT*s. ibfttfxa 
JK-fe>-?\ ^**fi6tt07f;U-cftt,>. 
[0086] W 3 >d/^S^ (0 1 1 #J8D 
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ft«c. fUR/w^ Sfm^;i-^x>y>©(g|Hl^ffliJril 40 

[0087] C©-*. a#|oI8S5 3{C«t-,-Cj||»3n 
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£ 0 Z> S T!RM^ ^©P3 9 A 3 > C <!: *J 
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satiKSiB#©x>^^fd£a*ES9-c^4fc«) > cn 
piNfK©»>'^^©^#*jie>-ti'r^a^x 

[0095] C©i5 (c-rtitf . «R^,W©M{b4#-5 C 
<t ft < . gfSvx *9i/ a >©<gi^*50*iS. 
[OO96]018~02O WmsW? 

[0097] 4 l~44tt#l~#4->'J>y, 50tt 
flUWEEaj-fe^, 5 1 53WS?f? 
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*{C. gfSl^JVT'©^, x^i;^©®^^^®^^ 

[0099] C©-*. P5lW-fe>U-8 0 *>e>©M#*J 
<t^SI»lHlSS5 3(cJ:-9-r«©S4ifcx>*j|/b-«ESH 
s*8tc. ^u^*^5>^S(Hai$gB7 9«:J:o-rS^ 

[oioo] gfm^^i/^©^*^ - ^-^©*!!^*. 0 i 
9©<fc5tc. *-rs4 ltc-cji^sfgv'^^ia*/-? 
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[0102] gf«^< y f^&wna, s 4 4 {c-cgf^^' 

S4 6tCT02O©<fc5ttx> 
t - * £Ttf -5 «fc 5 CCgf^-OU 7-CDPi £ > < * - > £|g$J 

[0103] pm^^j^isseffiWTcc^si. io 
[0104] gf^^u^©ra#^^->©^i2<oa3e 

[0 10 5] CcDi^tcSfM^O-^^XDf-^^T 
[0 1 06] 02 1-02 3\*.®&M>V>*?*it (mm 
[0 1 07] 4 l~4 4tt#l~#4">y>y. 50» 20 

[HISS. 5 4«j^f4«*f*I®^S-C*i. UI2*i60!lillI 

«0^l/-Cfcl,>„ 

[0 1 0 8] «$4«*f*fl©Ka5 4«c < J:o-C > «»-f> 

^ * * * a> e>©^«s«*5. ss^niss 5 3 «: i t> mn 
ztitdRAgM&tmmg.mttcm'i^xfflmzti (0 
7). c©— ^fm^o^^pf^nmmf-i z>if 
«. I5ii;<?ssiiss5 3K«fcf)iS#3nycx>af^e^ 
SHsSSKSMSPSn*. 30 
[0109] C«ilt^^ 5 >4/©Sflffll«. 022 

©<£$«:. Ssfs 5 l fc-cssstra§ccg^< fflS©j&f4 

[0110] ^CC. S 5 2 . S 5 3 fc-CRStfrfltCfeW 

^ x > * fssfi H s &p>mm-<>z>*?2 ©i&a&g 

^4 1 -4 4 ©K«tf- h ) ©SRM©ifcil£li 

[0111] x>$^fSasaH 5 *>602 SCJr^K:^ 
« ^ > ^ * * * fig©K^©i^a%ii^-r # * i . 

[0112] c©js^. !^©&ift#t^fifflW_L©<!:* 
S 5 5 teTS£zj£l$*ifiWfcj&*4'»M* ^ 5 > 
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[0114] 
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for detecting pressure in a cylinder, a means 21 for 
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enthalpy flow amount on the basis of the product of the 
change rate of pressure and the volume, and the product 
of pressure and the change rate of the volume in the 
cylinder. 



ir a 








***** 




L_ 



***** 




o m 














& y y 9 

1131 


mm 







* ft 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 

http://www1 9.ipdl.ncipi.go jp/PAl /result/detail/main/wAAAe7aWgzDA4071 33742... 2005/1 2/1 5 



Searching PAJ 2/2 ^— *? 

decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.go jp/PAl /result/detail/main/wAAAe7aWgzDA4071 33742... 2005/1 2/1 5 



JP,07-133742,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A means to detect the pressure in a cylinder, and a means to detect a crank angle, A means to 
detect crank rotational speed, and a means to compute the rate of change of the pressure in a cylinder, A 
means to compute the volume in a cylinder from a crank angle, and a crank angle and a means to 
compute the rate of change of the volume in a cylinder from crank rotational speed, The metering device 
of the internal combustion engine characterized by establishing a means to compute an enthalpy flow 
rate, based on the product of the rate of change of the pressure in a cylinder, and the volume, and the 
product of a pressure and the rate of change of the volume. 

[Claim 2] The metering device of the internal combustion engine characterized by establishing a means 
to detect inhalation-of-air gas temperature, and a means to compute the mass flow rate in an intake 
stroke based on the ratio of inhalation-of-air gas temperature and an enthalpy flow rate, in the metering 
device of the internal combustion engine of claim 1 . 

[Claim 3] The control unit of the internal combustion engine characterized by establishing the metering 
device of the internal combustion engine of claim 2, and the control means which controls the fuel oil 
consumption at the time of transient operation of a fuel injection equipment based on the mass flow rate 
in an intake stroke. 

[Claim 4] The control unit of the internal combustion engine characterized by establishing the metering 
device of the internal combustion engine of claim 2, the adjustable device in which inhalation-of-air 
valve timing is changed, and the control means that controls the closing timing of an intake valve based 
on the mass flow rate in an intake stroke. 

[Claim 5] The control unit of the internal combustion engine characterized by establishing the metering 
device of the internal combustion engine of claim 1, the adjustable device in which exhaust air valve 
timing is changed, and the control means that controls the aperture timing of an exhaust air bulb based 
on the enthalpy flow rate in an exhaust stroke. 

[Claim 6] The control unit of the internal combustion engine characterized by establishing the metering 
device of the internal combustion engine of claim 1, the adjustable device in which inhalation-of-air 
valve timing and exhaust air valve timing are changed, and the control means that controls the aperture 
timing of an intake valve, and the closing timing of an exhaust air bulb based on the enthalpy flow rate 
in an intake stroke and an exhaust stroke. 

[Claim 7] The control unit of the internal combustion engine characterized by establishing the metering 
device of the internal combustion engine of claim 1, the adjustable device in which exhaust air valve 
timing is changed, a means to detect exhaust sound, and the control means that controls the aperture 
pattern of an exhaust air bulb based on the enthalpy flow rate in an exhaust stroke when an exhaust air 
weld flash sound is made. 

[Claim 8] The control unit of the internal combustion engine characterized by establishing the metering 
device of the internal combustion engine of claim 1, a means to presume the rate of flow of the 
inhalation of air in the installation location of the fuel injection equipment of an inlet pipe based on the 
enthalpy flow rate in an intake stroke, and the control means that controls the injection timing of a fuel 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an internal combustion engine's metering device and 

control unit. 

[0002] 

[Description of the Prior Art] Conventionally, an internal combustion engine's intake air flow is 
measured like drawing 24 - drawing 26 . 

[0003] In drawing 24 , an intake air flow is measured with the air flow meter 4 formed in the air intake 
duct 3 which ties an air cleaner 1 and a collector 2. 

[0004] In drawing 25 , in addition to an air flow meter 4, inhalation negative pressure is measured and 

an intake air flow is predicted with the pressure sensor 6 formed in the intake manifold 5. 

[0005] In addition to an air flow meter 4, by 02 sensor 8 formed in the exhaust manifold 7, an air- fuel 

ratio is measured and an intake air flow is calculated from the air-fuel ratio and fuel consumption in 

drawing 26 (reference, such as JP,6 1-498 1,B). 

[0006] 

[Problem(s) to be Solved by the Invention] However, the flow rate by which the thing of drawing 24 is 
measured like drawing 27 R> 7 at the time of a transient response since the big volume (collector 2 
grade) intervenes between an air flow meter 4 and a cylinder 9 will differ from the air content which 
actually flows into a cylinder 9. 

[0007] The thing of drawing 25 needs the memory which is influenced by inhalation-of-air pulsation 
etc., and memorizes a parametric experimental result and parametric it. 

[0008] Since the thing of drawing 26 becomes after measurement of an air- fuel ratio, it surely produces 
time lag. 

[0009] Moreover, it is common in these, and the value for all cylinders is measured, and it is the time 
amount average, and ** and the runoff close pattern of exhaust air are not known. 
[0010] Therefore, it is difficult to control the fuel oil consumption of a fuel injection equipment exactly 
based on these measurement values, and it difficult for the internal combustion engine which established 
the adjustable device in which the valve timing of an intake valve and an exhaust air bulb was changed 
on the other hand to have, and to obtain the proper valve timing suitable for ** and the runoff close 
pattern of exhaust air. 

[001 1] The enthalpy flow rate of **** and a mass flow rate are sometimes calculated, and this invention 
aims at offering the metering device in ** and an exhaust stroke which solved such a trouble, and a 
control unit. 
[0012] 

[Means for Solving the Problem] A means 20 by which the metering device of invention of claim 1 
detects the pressure in a cylinder as shown in drawing 1 , A means 21 to detect a crank angle, and 22 
means to detect crank rotational speed, A means 23 to compute the rate of change of the pressure in a 
cylinder, and a means 24 to compute the volume in a cylinder from a crank angle, A means 26 to 
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compute an enthalpy flow rate based on the product of a means 25 to compute the rate of change of the 
volume in a cylinder, and the rate of change of the pressure in a cylinder and the volume, and the 
product of a pressure and the rate of change of the volume, from a crank angle and crank rotational 
speed is established. 

[0013] The metering device of invention of claim 2 establishes a means 27 to detect inhalation-of-air gas 
temperature in the metering device of invention of claim 1, and a means 28 to compute the mass flow 
rate in an intake stroke based on the ratio of inhalation-of-air gas temperature and an enthalpy flow rate, 
as shown in drawing 2 . 

[0014] The control unit of invention of claim 3 establishes the metering device of invention of claim 2, 
and the control means which controls the fuel oil consumption at the time of transient operation of a fuel 
injection equipment based on the mass flow rate in an intake stroke. 

[0015] The control device of invention of claim 4 establishes the metering device of invention of claim 
2, the adjustable device in which inhalation-of-air valve timing is changed, and the control means that 
controls the closing timing of an intake valve based on the mass flow rate in an intake stroke. 
[0016] The control device of invention of claim 5 establishes the metering device of invention of claim 
1, the adjustable device in which exhaust air valve timing is changed, and the control means that 
controls the aperture timing of an exhaust air bulb based on the enthalpy flow rate in an exhaust stroke. 
[0017] The control device of invention of claim 6 establishes the metering device of invention of claim 
1, the adjustable device in which inhalation-of-air valve timing and exhaust air valve timing are 
changed, and the control means that controls the aperture timing of an intake valve, and the closing 
timing of an exhaust air bulb based on the enthalpy flow rate in an intake stroke and an exhaust stroke. 
[0018] The control device of invention of claim 7 establishes the metering device of invention of claim 
1, the adjustable device in which exhaust air valve timing is changed, a means to detect exhaust sound, 
and the control means that controls the aperture pattern of an exhaust air bulb based on the enthalpy flow 
rate in an exhaust stroke when an exhaust air weld flash sound is made. 

[0019] The control unit of invention of claim 8 establishes the metering device of invention of claim 1, a 
means to presume the rate of flow of the inhalation of air in the installation location of the fuel injection 
equipment of an inlet pipe based on the enthalpy flow rate in an intake stroke, and the control means that 
controls the injection timing of a fuel based on this estimate. 
[0020] 

[Function] The energy equation in a cylinder becomes like a formula 1 . 

[0021] 

[Equation 1] 

« + = ^ (4f + ^Jl) ... (1) 

[0022] however, HS: enthalpy flow rate q:wall surface heat transfer Q:exoergic rate Ratio-of-specific- 
beat pxylinder internal pressure of the gas in gammaxylinder Rate-of-change Vxylinder content 
volume of dp/dt:cylinder internal pressure the rate of change of dV/dt:cylinder content volume - here, 
the ratio of specific beat gamma of the gas in a cylinder will come out enough practically, if constant 
value is given per ** and each exhaust stroke. Moreover, in ** and an exhaust stroke, it is the exoergic 
rate Q= 0, and since it is the enthalpy flow rate HS» wall surface heat transfer q, a formula 1 is 
practically made like a formula 2. 
[0023] 
[Equation 2] 

[0024] On the other hand, it asks for the cylinder content volume V with a formula 3 and a formula 4 

[0025] 

[Equation 3] 
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V = Va + A- ((r + L) - ( r • c o s 6> + L«a)J 

■v (3) 

[0026] 
[Equation 4] 

a = c o s { sin 1 i n 6) } - - - (4) 

[0027] This is drawn like drawing 3 from distance X=(r+L)- (r-costheta+L-cosbeta) from a piston top 
dead center, and L-sin beta=r-sin theta. 

[0028] However, Va: Volume of a combustion chamber A:boa area theta: Crank angle L: Ask with 
interpolation from connecting rod die-length r: (piston stroke)/2 or crank angle [ which is beforehand 
based on the formula 3 and the formula 4 in the cylinder content volume V, calculates about the crank 
angle of shoes, and was detected ] theta. 

[0029] Rate-of-change dV/dt of cylinder content volume is calculated with a formula 5. 

[0030] 

[Equation 5] 

AJL - -rco ( sine + cose - — y ) 

d t a 

— (5) 

[0031] However, omega: Calculate crank rotational speed or the term about a crank angle of a formula 5 
about some crank angles beforehand, and ask by taking a product with the crank rotational speed omega 
detected to the value calculated with interpolation from detected crank angle theta. 

[0032] In invention of claim 1, the enthalpy flow rate HS is calculated with a formula 2 based on rate-of- 
change dV/dt of rate-of-change dp/dt of the pressure p in a cylinder, and a pressure and the volume V, 
and the volume. 

[0033] This enthalpy flow rate HS shows an inhalation-of-air condition and an exhaust air condition. 
[0034] In invention of claim 2, the mass flow rate m of inhalation of air is calculated with a formula 6 
from the enthalpy flow rate HS calculated with the formula 2, and inhalation-of-air gas-temperature T 
[0035] 
[Equation 6] 

H. 

m = "or (6) 

[0036] however, constant-pressure ratio ** of CP:air — an exact inhalation air content can be found with 
this mass flow rate m. 

[0037] By invention of claim 3, the proper injection quantity can be obtained by controlling the fuel oil 
consumption at the time of transient operation of a fuel injection equipment based on a mass flow rate 
m. 

[0038] It becomes possible to make inhalation of air fully inhale by the internal combustion engine 
which established the adjustable device in which inhalation-of-air valve timing was changed having, and 
controlling the closing timing of an intake valve by invention of claim 4 based on a mass flow rate m, 
preventing blow return of inhalation of air. 

[0039] It becomes possible to carry out proper setting out of the blowdown by the internal combustion 
engine which established the adjustable device in which exhaust air valve timing was changed having, 
and controlling the aperture timing of an exhaust air bulb by invention of claim 5 based on the enthalpy 
flow rate HS in an exhaust stroke. 

[0040] By invention of claim 6, the internal combustion engine which established the adjustable device 
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in which inhalation-of-air valve timing and exhaust air valve timing were changed has, and control of 
residual gas etc. is attained by controlling the aperture timing of an intake valve, and the closing timing 
of an exhaust air bulb based on the enthalpy flow rate HS in an intake stroke and an exhaust stroke. 
[0041] Invention of claim 7 enables the aperture pattern of an exhaust air bulb to stop exhaust sound by 
control, i.e., control to carry out blowdown gently, based on the enthalpy flow rate HS in an exhaust 
stroke, when the internal combustion engine which established the adjustable device in which exhaust 
air valve timing was changed has, exhaust sound is detected and an exhaust air weld flash sound is 
made. 

[0042] In invention of claim 8, by searching for the rate of flow of the inhalation of air in the installation 
location of the fuel injection equipment of an inlet pipe based on the enthalpy flow rate HS in an intake 
stroke, a fuel can be injected to the proper timing suitable for the rate of flow of inhalation of air, and 
good gaseous mixture can be generated. 
[0043] 

[Example] Hereafter, the example of this invention is explained based on a drawing. 

[0044] For an engine (4-cylinder), 41 to 44#1 - # four cylinder, and 45, as for an air intake duct and 47, 

in drawing 4 , an air cleaner and 46 are [ 40 / a collector and 48 ] intake manifolds. 

[0045] Although not illustrated, a fuel-injection injector is installed in the inlet port of cylinders 41-44, 

respectively. 

[0046] # 1 cylinder of cylinder internal pressure sensors 50 which detect the pressure in a cylinder is 
formed in 41. The crank angle sensor 51 which detects crank rotational speed from a crank angle and a 
crank angle is formed in an engine crankshaft. The inhalation-of-air gas-temperature sensor 52 which 
detects inhalation-of-air gas temperature is formed in a collector 47. 

[0047] The signal from the cylinder internal pressure sensor 50, the crank angle sensor 51, and the 

inhalation-of-air gas-temperature sensor 52 is inputted into an arithmetic circuit 53. 

[0048] By the arithmetic circuit 53, the enthalpy flow rate HS in ** of #1 cylinder 41 and an exhaust 

stroke and the mass flow rate m in an intake stroke calculate based on these signals. 

[0049] On the other hand, the fuel oil consumption from a fuel-injection injector is controlled by the 

fuel-injection control device 54 based on the mass flow rate m calculated by the arithmetic circuit 53. 

[0050] The operation of the enthalpy flow rate HS by this arithmetic circuit 53 and a mass flow rate m is 

performed using above-mentioned formulas 2-6 and an above-mentioned algorithm. 

[005 1] That is, while the rate of change of the rate of change of the pressure in a cylinder, the volume, 

and the volume is computed with formulas 3-5, the enthalpy flow rate HS calculates with a formula 2. 

[0052] Thus, a proper value is acquired like simulation data like drawing 5 in the calculated enthalpy 

flow rate HS. 

[0053] A pattern to the exhaust air pattern of the enthalpy flow rate HS of an exhaust stroke is grasped 
for an inhalation-of-air pattern from the pattern of the enthalpy flow rate HS of this intake stroke. 
[0054] Moreover, the mass flow rate m of inhalation of air is computed by the enthalpy flow rate HS and 
inhalation-of-air gas temperature of an intake stroke with a formula 6. 

[0055] An inhalation air content is acquired with a sufficient precision by the addition (open period of 
an intake valve) of this mass flow rate m. 

[0056] These enthalpy flow rates HS, a mass flow rate m, and an inhalation air content are the things of 
#1 cylinder 41, and an inhalation air content can be found at the time of termination of the intake stroke 
of #1 cylinder 41. Therefore, the inhalation air content of the #2 - # four cylinders 42-44 and the 
inhalation air content of #1 cylinder 41 of degree cycle will be predicted like drawing 6 from the 
inhalation air content. 

[0057] On the other hand, if the inhalation air content of #1 cylinder 41 is computed in S2 while the 
fuel-oil-consumption control from a fuel-injection injector sets up a target air-fiiel ratio (A/F) according 
to engine operational status in SI like drawing 7 , it will determine the fuel oil consumption of #3 of the 
cycle, #4, #2 cylinder 43, and 44 and 42, and the fuel oil consumption of #1 cylinder 41 of degree cycle 
in S3 based on the inhalation air content and target air- fuel ratio. 

[0058] This is sent to the fuel-injection control device 54 in S4, each fuel-injection injector is driven in 
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order, and the fuel of the amount required is injected. 

[0059] In order to compute an inhalation air content based on a mass flow rate m and to control fuel oil 
consumption based on this inhalation air content, even if it is at the time of transient operation, fuel oil 
consumption is controlled exactly. 

[0060] In addition, the cylinder internal pressure sensor 50 is formed in two or more cylinder or all 
cylinders, and you may make it calculate the enthalpy flow rate of two or more cylinders or all cylinders, 
a mass flow rate, and an inhalation air content. 

[0061] Drawing 8 - drawing 10 show the example of close stage control of the intake valve of the engine 
which established the adjustable device in which the valve timing of an intake valve and an exhaust air 
bulb was changed. 

[0062] For 41 to 44#1 - # four cylinder, and 50, as for a crank angle sensor and 53, a cylinder internal 
pressure sensor and 5 1 are [ an arithmetic circuit and 60 ] valve timing control units. The same sign is 
given to the same thing as said example. The inhalation-of-air gas-temperature sensor and the fuel- 
injection system are not illustrating. 

[0063] The valve timing adjustable device 61 is shown in drawing 1 1 . The cam side piston 66 by which 
this was connected with the cam 63 of a cam shaft 62, the lifter 65 by which fitting was carried out to 
the cylinder head 64 at sliding freedom, and the lifter 65, and the bulb side piston 67 interlocked with 
the cam side piston 66 through oil pressure are arranged on extension of a bulb 68 at a serial. 
[0064] If the hydraulic oil from the lubricating oil pump which is not illustrated is led to the oil pressure 
room 69 formed between the cam side piston 66 and the bulb side piston 67 through check valves 70 and 
71 and the cam side piston 66 is depressed through a lifter 65 with the revolution of a cam 63, the bulb 
side piston 67 will be depressed through oil pressure, and a bulb 68 will be opened. 
[0065] The electro-magnetic valve 73 which misses the oil pressure of the oil pressure room 69 to an 
accumulator 72 is formed, the aperture timing of a bulb 68 is selected by the close stage of an electro- 
magnetic valve 73, and the closing timing of a bulb 68 is selected by the open stage of an electro- 
magnetic valve 73. 

[0066] In the case of an intake valve, the close stage of this electro-magnetic valve 73 and an open stage 
are engine's low revolution sides, and are controlled to be a predetermined period and high revolution 
side and to open between place commuter's tickets at an early stage at a late stage while being controlled 
by the valve timing control device 60. 

[0067] On the other hand, it is controlled to correct the clausilium stage of the intake valve in each 
operational status with the valve timing control device 60 based on this mass flow rate m calculated for 
every predetermined crank angle by the arithmetic circuit 53. 

[0068] In addition, the valve timing adjustable device 61 is not limited to the thing of drawing 1111 . 
[0069] Control of the clausilium stage of an intake valve is first set as the closing timing of an intake 
valve based on operational status in SI 1 like drawing 9 at the time of full admission operation. 
[0070] Next, the pattern of the mass flow rate m when the closing timing performs inhalation of air in 
S12 and SI 3 is judged, and it finds whether blow return of inhalation of air is in an intake-stroke end 
from the pattern of a mass flow rate m. 

[0071] When there is no blow return, specified quantity ****** and blow return are [ 14 / S] specified 
quantity early ** about the closing timing of an intake valve at S 16 beyond the set point in the closing 
timing of an intake valve at a certain time. The mass flow rate of the inhalation of air in the following 
cycle by this timing is measured, and the condition of return [ blow ] of inhalation of air is again seen in 
S12. 

[0072] If blow return becomes below the set point, the clausilium stage control at the time of full 
admission operation will be ended. 

[0073] If a cylinder will be in the condition of having not inhaled air enough if the closing timing of an 
intake valve is too early at the time of full admission operation and the closing timing of an intake valve 
is too late so that the pattern of the mass flow rate m of drawing 10 may show, the air once inhaled by 
the cylinder will blow over an intake manifold 48, but if the closing timing of an intake valve is delayed 
until just before blow return occurs in this way, inhalation-of-air effectiveness will become high and full 
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admission torque will improve. 

[0074] Moreover, what is necessary is just to close an intake valve based on the pattern of a mass flow 
rate m to the timing which acquires a predetermined inhalation air content at the time of a partial load. 
[0075] Drawing 12 - drawing 14 show the example of open stage control of the exhaust air bulb of the 
engine which established the adjustable device in which the valve timing of an intake valve and an 
exhaust air bulb was changed. 

[0076] For 41 to 44#1 - # four cylinder, and 50, as for a crank angle sensor and 53, a cylinder internal 
pressure sensor and 5 1 are [ an arithmetic circuit and 75 ] valve timing control units. The same sign is 
given to the same thing as said example. The inhalation-of-air gas-temperature sensor and the fuel- 
injection system are not illustrating. 

[0077] In the case of an exhaust air bulb, a valve timing adjustable device (refer to drawing 1 1 ) is an 
engine's low revolution side, and is controlled to be a predetermined period and high revolution side and 
to open between place commuter's tickets at an early stage at a late stage while being controlled by the 
valve timing control device 75. 

[0078] It is controlled to correct the valve-opening stage of the exhaust air bulb in each operational 
status with the valve timing control device 75 based on this enthalpy flow rate HS calculated by the 
arithmetic circuit 53 on the other hand. 

[0079] Control of the valve-opening stage of an exhaust air bulb is first set as all revolution regions in 
S21 like drawing 13 at the aperture timing of an exhaust air bulb based on operational status. 
[0080] Next, the pattern of the enthalpy flow rate HS when exhausting to the aperture timing in S22 and 
S23 is judged, and it finds whether the peak of exhaust air blowdown is in a piston bottom dead point 
(BDC) from the pattern of the enthalpy flow rate HS like drawing 14 . 

[0081] When the peak of exhaust air blowdown is after BDC and the peak of a specified quantity early 
and exhaust air blowdown is before BDC about the aperture timing of an exhaust air bulb in S24, it is 
************** about the aperture timing of an exhaust air bulb at S25. 

[0082] If the peak of exhaust air blowdown is set to BDC, valve-opening stage control will be ended. 
[0083] Although the exhaust air interference between an exhaust loss or a cylinder increases, and a 
pumping loss will increase in case of the back [ BDC ] if the peak of exhaust air blowdown is before 
BDC, torque improves in all revolution regions by controlling the aperture timing of an exhaust air bulb 
to make the peak of exhaust air blowdown in agreement with BDC in this way. Moreover, exhaust 
sound can be reduced especially by the inside low-speed area. 

[0084] Drawing 15 - drawing 17 show the example of open stage control of the intake valve of the 
engine which established the adjustable device in which the valve timing of an intake valve and an 
exhaust air bulb was changed, and close stage control of an exhaust air bulb. 

[0085] For 41 to 44#1 - # four cylinder, and 50, as for a crank angle sensor and 53, a cylinder internal 
pressure sensor and 51 are [ an arithmetic circuit and 77 ] valve timing control units. The same sign is 
given to the same thing as said example. The inhalation-of-air gas-temperature sensor and the fuel- 
injection system are not illustrating. 

[0086] A valve timing adjustable device (refer to drawing 1 1 ) is an intake valve and exhaust air bulb 
engine's low revolution side, and is controlled to be a predetermined period and high revolution side and 
to open between place commuter's tickets at an early stage at a late stage while being controlled by the 
valve timing control device 77. 

[0087] It is controlled to correct the valve-opening stage of the intake valve in each operational status, 
and the clausilium stage of an exhaust air bulb with the valve timing control device 77 based on this 
enthalpy flow rate HS calculated by the arithmetic circuit 53 on the other hand. 
[0088] Control of the valve-opening stage of an intake valve is first set as the aperture timing of an 
intake valve based on operational status in S3 1 like drawing 16 . 

[0089] Next, the pattern of the enthalpy flow rate HS when the aperture timing performs inhalation of air 
in S32 and S33 is judged, and it finds whether depression is in the pattern of the enthalpy flow rate HS 
in the middle of an intake stroke like drawing 14 . 

[0090] If there is no depression in the pattern of the enthalpy flow rate HS, when there are a specified 
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quantity early and depression about the aperture timing of an intake valve in S34, it is ************** 
about the aperture timing of an intake valve at S36. 

[0091] If depression becomes below the set point, valve-opening stage control will be ended. 

[0092] When depression is in the pattern of the enthalpy flow rate HS in the middle of an intake stroke, 

blow return has arisen in the inhalation-of-air system at the beginning of an intake stroke. Therefore, by 

delaying the aperture timing of an intake valve in this case, reduction of residual gas and improvement 

in volumetric efficiency can be aimed at, and an inhalation-of-air sound can be reduced. 

[0093] When aiming at reduction of exhaust air emission, it becomes reverse, but it is possible to bring 

the aperture timing of an intake valve forward until blow return arises so that residual gas may be 

increased. 

[0094] On the other hand, although it is related to the closing timing of an exhaust air bulb, if it is in the 
condition that there is no bulb overlap of an exhaust air bulb and an intake valve, since it can distinguish 
the enthalpy flow rate at the time of exhaust air, and the enthalpy flow rate at the time of inhalation of 
air, residual gas brings closing of an exhaust air bulb forward based on these patterns, and it can carry 
out and it can control residual gas to an increase or timing which delays the aperture of an intake valve 
simultaneously and residual gas does not blow over an inhalation-of-air system. 

[0095] Reduction of exhaust air emission can be aimed at without being accompanied by aggravation of 
an inhalation-of-air sound, if it does in this way. 

[0096] Drawing 18 - drawing 20 show the example of the aperture pattern control of the exhaust air bulb 
of the engine which established the adjustable device in which the valve timing of an intake valve and an 
exhaust air bulb was changed. 

[0097] For 41 to 44#1 - # four cylinder, and 50, as for a crank angle sensor and 53, a cylinder internal 
pressure sensor and 5 1 are [ an arithmetic circuit and 79 ] valve timing control units. The exhaust-sound 
sensor 80 which detects exhaust sound is formed in an exhaust air system. The same sign is given to the 
same thing as said example. The inhalation-of-air gas-temperature sensor and the fuel-injection system 
are not illustrating. 

[0098] In the case of an exhaust air bulb, a valve timing adjustable device (refer to drawing 1 1 ) is an 
engine's low revolution side, and is controlled to be a predetermined period and high revolution side and 
to open between place commuter's tickets at an early stage at a late stage while being controlled by the 
valve timing control device 79. 

[0099] It is controlled to correct the aperture pattern of an exhaust air bulb with the valve timing control 
device 79 based on this enthalpy flow rate HS calculated on the other hand by the signal and arithmetic 
circuit 53 from the exhaust-sound sensor 80. 

[0100] Control of the aperture pattern of an exhaust air bulb is first set as the aperture pattern of the 
usual exhaust air bulb in S41 like drawing 19 R> 9. 

[0101] Next, the data from the exhaust-sound sensor 80 are judged in S42 and S43, and it finds whether 
there is any weld flash sound of exhaust sound. 

[0102] If there is no exhaust air weld flash sound, when the aperture pattern of an exhaust air bulb is set 
up with the usual steep slope in S44 and there is an exhaust air weld flash sound, the aperture pattern of 
an exhaust air bulb is set as low-gradient so that the peak of exhaust air blowdown may be lowered 
based on the pattern of the enthalpy flow rate HS like drawing 20 in S46. 

[0103] If an exhaust air weld flash sound becomes below the set point, aperture pattern control will be 
ended. 

[0104] Setting out of the low-gradient of the aperture pattern of an exhaust air bulb is performed by 
bringing forward the close stage of the electro-magnetic valve of a valve timing adjustable device, and 
making the oil pressure of an oil pressure room leak slightly from an electro-magnetic valve etc. 
[0105] Thus, a weld flash sound can be controlled by lowering the peak of exhaust air blowdown. 
[0106] Drawing 21 - drawing 23 show the example of fuel-injection-timing control of a fuel injector (not 
shown). 

[0107] For 41 to 44#1 - # four cylinder, and 50, as for a crank angle sensor and 53, a cylinder internal 
pressure sensor and 51 are [ an arithmetic circuit and 54 ] fuel-injection control units. The same sign is 
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given to the same thing as said example. The inhalation-of-air gas-temperature sensor is not illustrated. 
[0108] The fuel oil consumption from a fuel injector is controlled based on the inhalation air content and 
target air-fuel ratio which were calculated by the arithmetic circuit 53 ( drawing 7 R> 7), and it is 
controlled by the fuel-injection control device 54 based on this enthalpy flow rate HS that, on the other 
hand, calculated the fuel-injection timing of a fuel injector by the arithmetic circuit 53 similarly. 
[0109] Control of this fuel-injection timing is first set as the usual fuel-injection timing based on 
operational status in S51 like drawing 22 . 

[01 10] Next, the rate of flow of the inhalation of air of the installation location (inlet port of cylinders 
41-44) of a fuel injector is presumed from the enthalpy flow rate HS in an intake stroke in S52 and S53. 
[01 1 1] If there is no back run of inhalation of air while being able to presume the rate of flow of the 
inhalation of air of a fuel injector location like drawing 23 from the enthalpy flow rate HS, fuel-injection 
timing will be left usual. 

[0112] In this case, when the back run of inhalation of air is beyond the set point, timing is delayed from 
setting out, i.e., the early stages of an intake stroke, to the fuel-injection timing which avoided the time 
of a back run in S55. In addition, a fuel is made to inject gently and you may make it remove the peak of 
injection. 

[01 13] If it is made such injection timing, good gaseous mixture can be obtained. 
[0114] 

[Effect of the Invention] according to invention of claims 1 and 2, it can set to ** and an exhaust stroke 
as mentioned above — the enthalpy flow rate of**** and a mass flow rate can sometimes be calculated 
with a sufficient precision. 

[0115] According to invention of claims 3-8, based on claim 1, the enthalpy flow rate of invention of 
two, and a mass flow rate, fuel oil consumption and fuel-injection timing are set up the optimal, or the 
internal combustion engine which established the adjustable device of** and exhaust air valve timing 
has, and ** and exhaust air valve timing can be set up the optimal in all operational status. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dam ages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of invention. 

[Drawing 2] It is the block diagram of invention. 

[Drawing 3] It is the explanatory view of calculation of cylinder content volume. 

[Drawing 4] It is the block diagram of an example. 

[Drawing 5] It is data characteristic drawing of an enthalpy flow rate. 

[Drawing 6] It is control characteristic drawing of an inhalation air content. 

[Drawing 7] It is the flow chart of fuel-oil-consumption control. 

[Drawing 81 It is the block diagram of other examples. 

[Drawing 91 It is the flow chart of valve timing control. 

[Drawing 10] It is control characteristic drawing. 

[Drawing 11] It is the block diagram of a valve timing adjustable device. 

[Drawing 12] It is the block diagram of other examples. 

[Drawing 13] It is the flow chart of valve timing control. 

[Drawing 14] It is control characteristic drawing. 

[Drawing 15] It is the block diagram of other examples. 

[Drawing 16] It is the flow chart of valve timing control. 

[Drawing 17] It is control characteristic drawing. 

[Drawing 18] It is the block diagram of other examples. 

[Drawing 19] It is the flow chart of valve timing control. 

[Drawing 20] It is control characteristic drawing. 

[Drawing 21] It is the block diagram of other examples. 

[Drawing 22] It is the flow chart of valve timing control. 

[Drawing 23] It is control characteristic drawing. 

[Drawing 24] It is the block diagram of the conventional metering device. 
[Drawing 25] It is the block diagram of the conventional metering device. 
[Drawing 26] It is the block diagram of the conventional metering device. 
[Drawing 27] It is the conventional measurement property drawing. 
[Description of Notations] 
40 Engine 
41-44 Cylinder 

47 Collector 

48 Intake Manifold 

50 Cylinder Internal Pressure Sensor 

51 Crank Angle Sensor 

52 Inhalation-of-Air Gas-Temperature Sensor 

53 Arithmetic Circuit 

54 Fuel-Injection Control Unit 
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60 Valve Timing Control Unit 

61 Valve Timing Adjustable Device 
73 Electro-magnetic Valve 

75, 77, 79 Valve timing control unit 
80 Exhaust- Sound Sensor 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 11] 




[Drawing 12] 
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[Drawing 13] 
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[Drawing 24] 
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[Drawing 14] 
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[Drawing 16] 
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[Drawing 17 ] 
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[Drawing 221 

fsTART) 

s si I 



S 5 2 | 



S5 3^ 



S55 

















JcUL 



S54^ 



[Drawing 19] 
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[Drawing 20] 
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[Drawing 23] 
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